Introduction
Studies of plant communities are often closely connected with the problems of interspecific relations between crops and weeds. The relatively low competitive ability of soybean, peas and vetch at the early stages of growth determine the weeds as a factor inhibiting the yield per grain (Marinov-Serafimov & Dimitrova, 2007) .
The studies conducted so far (Hoque et al., 2003 , Marchin-Silva & Aquila, 2006 , Stoimenova et al., 2008 have demonstrated that many of the weed species accumulated both in their roots and shoots water soluble inhibitory substances that, after washing, evaporation and decomposition of the plant remain, spread in the environment and thus inhibit the seed germination of a large number of crops. Other studies present different layers of filter paper in plastic containers in four replications. The surface of the seeds was sterilized following the method of Voll et al. (2005) . All of the available extracts ranging by root biomass content were pipetted in a proportion of 1:6 to the seed mass (Marinov-Serafimov et al., 2007b) , and distilled water was used as control. Each variant was laid out in six replications. The samples were placed in a thermostatic device at 22 ± 2°C for 7 days. A biochemical analysis of the roots was performed for content of: cyanogenic glucosides (Ermakov et al., 1987) , total phenols (Swain & Hillis, 1959) , trypsin inhibitory activity (Page et al., 2000) , condensed tannins (Terril et al., 1992) and water soluble sugars (Ermakov et al., 1987) .
The following characteristics were determined: Percentage of germinated seeds (%); Germ length at phenophase 08 of the development of soybean, peas and vetch (cm) according to Weber & Bleiholder (1990) ; Inhibition Rate (IR) at seed germination and at germ growth calculated according to the formula of Ahn & Chung (2000) . SPEARMAN estimates software (Hamilton et al., 1978) was used to determine the LC 50 of the extract in the test samples. The index of initial growth (GI) of the plants was determined using the formula of Gariglio et al. (2002) . The growth rate (K cm ) and the biomass accumulation rate (K g ) of the germ were calculated using the formula of Mamonov & Kim (1978) . The acidity of the solutions was measured using Gallenkamp pH stick.
The experimental data were statistically processed after transformation of the percentage of germinated seed by the formula Y = arcsin ( ) Hinnkelmann & Kempthorne, 1994) . All experimental data were statistically processed using the Statgraphics Plus for Windows Version 2.1 software.
Results and Discussion
The aqueous extracts from the roots of Johnson grass inhibited the germination of the seeds of soybean, peas and vetch at rates between 28.8% and 86.3%, the differences being statistically proven at P=0.01. The rate of inhibition (IR) of the germination of seeds of soybean, peas and vetch at different concentrations of the Johnson grass roots extract varied in a wide range between 15.8% and 62.8% compared to the control sample ( Table 1 ).
The purpose of the study was to determine the allelopathic effect of root systems of Johnson grass on seed germination and initial plant development in agrophytocoenoses of soybean, peas and vetch. The interdependences in the allelopathic relations between the Johnson grass and the crops in the studied plant communities would be an important element of the theoretic base for sustainable plant production. Furthermore, the results of such study would provide additional information about the indirect harmful effect of Johnson grass on the normal growth and development of the plants in beans agrophytocoenoses.
Material and Methods
The study was conducted in 2010 under laboratory conditions at the Institute of Forage Crops in Pleven, Republic of Bulgaria. Seeds of the following legumes were tested: soybean (Glycine max (L.) Merr.), Srebrina variety; pea (Pisum sativum (L.)), Pleven variety and vetch (Vicia sativa (L.), Obrazets 666 variety.
Collection of the plant material: The root systems of Johnson grass were taken from depth of 0 to 30 cm at weed phenophase 71 (Weber & Bleiholder, 1990) in experimental areas sown with medium early potatoes from the Sante and Fontane varieties, with natural weeding background, at the experimental field of the General agriculture and Herbology Department at the Agricultural University of Plovdiv, Republic of Bulgaria.
Preparation of weed extracts: The root systems of Johnson grass were chopped in pieces between 0.5 and 3.0 cm long, dried to obtain constant dry mass at 55 ± 3°C and then ground in a Retsch SM-1 grinder with 1.0 mm sieve size. Portions of 100 g dry biomass from the Johnson grass roots were soaked in 1 l of distilled water. The obtained samples were then cold extracted at 24 ± 2°C for 8 h in a Shuttle decanter at 120/60 s -1 . The obtained extract was then taken out from the decanter, filtered and centrifuged in a K24 centrifuge at 5000/60 s ). Thymol (C 10 H 14 O) as preservative was added to each of the extracts (Marinov-Serafimov et al., 2007a) .
Bioassays technique: Batches of 100 seeds of soybean, peas and vetch were placed between Concerning the impact of the Johnson grass root content in the aqueous solutions (g l -1 ), it was found that with increasing concentrations of weed biomass the percentage of germinated seeds decreased non-proportionally (from 84.2% to 37.2%) on average in all test plants, the differences being statistically proven at P=0.01 (Table 1) .
This interdependence could be explained by the presence of cyanogenic glycosides and general phenols, as well as the complex impact of water soluble sugars contained in the tested extracts (Table 2) .
It is well known that cyanogenic glycosides and phenols are highly toxic and have pronounced protoplasmic effect (Iqbal et al., 2003) . In higher concentrations, they may have a lethal impact on the seed germination whereas in lower concentrations they inhibit their germination to different degrees, which is probably due to the lower glycoalkaloid and phenol content.
The determination of the rate of inhibition (IR) of the seed germination in the tested beans gave the same results. In accordance with these results, the tested crops could be divided into two groups. The first group comprises of the soybean the seed germination of which is inhibited up to 25%. To the second group belong the peas and the vetch the seed germination of which is inhibited between 35% and 40% (Table 1 ). Obviously, the tested beans react in different ways to the inhibitory effect of the aqueous extracts from roots of Johnson grass. The seeds of pea and of the vetch are much more sensitive than the seeds of soybean (Table 1) .
The different inhibitory effects of the extracts from roots of Johnson grass on the seed germination in the test plants can by explained on the one hand by the diffusion of the soluble allelochemicals during extraction of the biomass (Jiménez-Osornio et al., 1996 , Cheema, 1998 and on the other hand by the different raw protein content in the seeds of soybean, pea and vetch (Kertikov, 2005 , Marinov-Serafimov, 2005 , Stoimenova et al., 2008 . Similar results were reported by Marinov-Serafimov et al. (2007b) who determined the inhibitory effect of aqueous extracts from weeds typical of the biocoenoses of soybean, pea and vetch. the primary seedlings of soybean, pea and vetch seeds depending on the concentration of the water root extracts (Table 3) . The growth rate of the seedling (K/cm) and the rate of accumulation of fresh biomass in the seedling (K/g) of the studied crops also seemed to depend on the concentration of the extract from Johnson grass. In all three crops relatively smaller inhibition of the growth rate of the seedling (K/ cm) (r varied in the range from -0.676 to -0.788) and greater inhibition of the rate of accumulation of fresh biomass (K/g), where r varied from -0.896 to -0.938 -were found (Figures 1 and 2) .
According to Iman et al. (2006) , the mechanism of inhibition of the growth and of the accumulation of fresh biomass in the primary seedling of the seeds results from the effect of allelochemicals and could be explained by reduced cell division rate and/or by the elongation of the cells. Therefore, the stage of germination of the seeds can be considered as a less sensitive period in the individual development of the plants while the growth of the primary seedling could be used as a potential test to determine the allelopathic effect of the studied extract under laboratory conditions due to the direct contact of the extracts during the bioassays. The aqueous extracts from root systems of Johnson grass had different suppressive effects on the growth of the germ (from 17.1% to 86.1%) and on the accumulation of fresh biomass in the primary seedling (from 8.3% to 97.9%) of soybean, peas and vetch seeds (Table 3) . With increase of the concentration of the extracts from root systems of Johnson grass, the growth and the accumulation of fresh biomass in the primary seedling of all test plants decreased disproportionately compared to the control, the differences being statistically proven at P=0.05.
Similar were the results about the growth rate and the rate of accumulation of fresh biomass in Table 3 . Effect of aqueous extracts from Johnson grass roots on the growth rate and the accumulation of fresh biomass in the seedlings of test plants The experimental data confirm the findings of other authors (Cheema, 1998 , Turk & Tawaha, 2002 , Ashrafi et al., 2007 , namely the effect of allelochemicals is manifested in the germination inhibition, but it is more pronounced on the growth of the seedlings.
The index of initial growth of the plants (GI) depends on the same factors and follows the observed interdependences as concerns the seed germination and the growth of the primary seedling in the test plants under laboratory conditions (Table 4) .
The results from the laboratory analyses show that the studied extracts from roots of Johnson grass have a delaying and/or inhibitory effect on the initial growth of soybean, pea and vetch. With increase of the dry biomass from roots of Johnson grass in the aqueous extracts the initial plant growth index (GI) decreased by 40.4% and 92.2%. Hence, the differences observed in the studied bean crops in respect of the allelopatic effect of the extracts could also be explained 
Conclusions
Aqueous extracts from the roots of Johnson grass inhibited the germination of soybean, pea and vetch. Inhibitory effect varied between 28.8 and 86.3%, the differences being statistically proven at P = 0.01.
Aqueous extracts from the roots of Johnson grass have suppressive effect on the seedling growth (from 17.1% to 86.1%) and the fresh biomass of seedlings (from 8.3% to 97.9%) of soybean, pea and vetch. The values of LC 50 , which vary from 46.40 g l -1 to 98.28 g l -1 of fresh biomass from roots of Johnson grass, can be arranged in the following order: soybean → pea → vetch.
